In mice, infection with Leishmania tropica initially produced a nonspecific enhancement of the immune response to sheep erythrocytes as measured both in vitro and in vivo. Subsequently, the spleen cell responses of susceptible mice (BALB/c) to sheep erythrocytes and T-and B-cell mitogens in vitro decreased dramatically, whereas those of the resistant strain (C57BL/6) returned to normal. Analysis of the spleen cells of infected animals revealed that macrophages (the target cells of Leishmania) were not defective. However, both T-and B-celldepleted splenocyte populations of infected animals lacked the ability to respond in the presence of their corresponding B-and T-cell-depleted populations of normal spleen cells. It was also observed that the addition of various numbers of Leishmania organisms did not alter the response of normal spleen cells in vitro.
The results of cocultures of various ratios of cells from the spleen of infected and normal animals ruled out the possibility of a strong active immunosuppression. The decrease of in vitro response is attributed to the depletion of immunocompetent cells in the spleen of infected mice, which is heavily populated by null cells.
Different mouse strains, when injected with Leishmania tropica, produce various types of diseases covering the entire spectrum of the human cutaneous leishmaniasis (3, 4, 11, 19, 23, 24) . Resistant mice (C57BL/6 and C3H) produce a small localized self-healing cutaneous lesion, accompanied by a moderate antibody response and a long-lasting delayed-type hypersensitivity reaction. The intermediate susceptible strains either develop a nonhealing lesion (DBA/2) (3) or show a progressive susceptibility with higher doses of L. tropica (CBA) (23) .
Of particular interest is the highly susceptible strain (BALB/c), which suffers a visceral and lethal disease (15, 20) even when injected with very low doses of the parasite (13) . In these mice, the infection produces high levels of antibody but a minimal or no delayed-type hypersensitivity reaction when injected with Leishmania mexicana (21) or L. tropica (20) . The lack of delayed-type hypersensitivity has been attributed to the generation of specific T suppressor cells (12) .
In previous studies, we observed that L. (16) . Although the resistant mice control the disease, viable organisms can be isolated from the spleen long after the healing of the skin lesion. However, in BALB/c mice, the parasite grows abundantly in the visceral organs and produces a clinicopathological picture (lymphadenopathy, splenohepatomegaly, hyperglobulinemia, and hypoalbuminemia) which closely resembles that of human kala azar (9) . Based on these observations, it was suggested that BALB/ c mice infected with L. tropica may serve as an animal model with which to study human visceral leishmaniasis caused by Leishmania donovani (9) .
In the present paper, we report studies designed to evaluate the immunological status of infected BALB/c mice with respect to produc-Leishmania strain. A strain of L. tropica (major) kindly provided by A. Nadim, School of Public Health, Tehran, Iran, was used. This strain was isolated by Javadian et al. (14) from Rhombomys opimus, and biochemical typing by W. Peters revealed it to be a typical L. tropica major. This is the same strain used in previous studies (9, 16, 18, 20) .
For injection, the organisms were isolated from the spleens of infected BALB/c mice in RPMI medium (Flow Laboratories, Irvine, Scotland) containing 10% fetal calf serum and passaged either in the same medium or in NNN medium three to six times. Promastigotes (1.2 x 106 per 0.1 ml) were injected intracutaneously at the base of the tail.
Detection of organism in the spleen. At various times after infection, the animals were exsanguinated, the spleens were teased in RPMI 1640 medium, and 5-ml cell suspensions containing 107 nucleated cells per ml were incubated at room temperature. The number of live promastigotes was determined every other day from 3 to 13 days of culture by using a hemacytometer and a procedure similar to that of Poulter (22 (27) . Stained cells were scored in a total of at least 500 cells. Except where stated otherwise, all experiments were repeated at least three times and gave similar results. For in vitro experiments, the spleens of two to five mice were pooled in each experiment.
RESULTS
In vivo response to SRBC. The in vivo responses to SRBC of infected mice at different times after injection of 2 x 106 L. tropica organisms are shown in Fig. 1 . Forty days after infection, the response of BALB/c mice was significantly increased. In contrast, 75 days after inoculation, mice of the two susceptible strains, DBA/2 and BALB/c, showed a significantly depressed response, expressed as PFC per 10 nucleated splenocytes. The difference in the responses of infected and uninfected C57BL/6 mice was not significant. In another experiment, when BALB/ c mice infected 86 to 93 days previously were tested, the response was also significantly lower than that of the uninfected sex-and age-matched controls (P < 0.001). As previously described (9), a considerable splenomegaly was observed after infection. We therefore examined the ability of T-and Bcell-enriched populations from infected mice to respond to SRBC when cultured with complementary cell populations from normal animals.
Immunological activity of T-and B-cells from infected mice. None of the T-and B-cell-enriched populations from normal or infected BALB/c mice was able to respond to SRBC when cultured alone (Table 3 ). In contrast, cocultures of normal B-and T-cells gave a normal 
PFC response. Cocultures of normal B-cells and infected T-cells or of normal T-cells and infected
B-cells were unable to respond to SRBC. These results suggest that both T-and B-cell-enriched populations from infected mice are adversely affected. Similar defects were observed in mitogenic responses to LPS and ConA (Fig. 3) . LPS response was completely abolished 78 days after infection, and ConA response was markedly decreased. The removal of T-cells did not restore the LPS response, and similarly, elimination of B-cells did not modify the ConA response of infected spleen cells. of cocultures were assayed 5 days later (Fig. 4) . No difference could be observed between expected responses (if no interaction occurred between the two cell populations) and observed responses up to a ratio of 1/5 infected to normal cells. A marginal suppression was noticed only if the ratio of infected to normal spleen cells was equal to 1. This could very likely be due to dilution of immunocompetent cells of normal spleens by unreactive cells of infected mice. Moreover, this marginal suppression could not be reversed by elimination of T-or B-cells (data not shown). These results strongly argue against the hypothesis of an immunosuppression mediated by suppressor cells.
Cellular analysis of infected and normal BALB/ c spleen cells. As can be seen in Table 4 , the percentage of T-cells was greatly reduced in infected animals (31 and 8% for normal and infected, respectively). A similar but weaker reduction in the percentage of B-cells was also observed. In contrast, macrophages increased from 9 to 18%, and the spleen became populated with a large percentage (45%) of null cells. The spleens of infected animals were enlarged significantly. The total number of viable cells in the spleen increased five times (81 x 106 and 409 x 106 for normal and infected, respectively). The total number of B-cells increased threefold. The T-cell increase, however, was not as dramatic (1.35-fold). A striking difference was observed between the number of macrophages and null cells (10-and 14-fold increases in infected animals for macrophages and null cells, respectively). This could explain the lower responses to SRBC and mitogens seen in vitro. DISCUSSION Specific and nonspecific immunosuppression appears to be a common characteristic of parasitic infections: increased susceptibility to tumors, allografts, or infectious processes, as well as impaired responses to heterologous antigens, have been described in many experimental systems (reviewed in reference 26). For instance severely depressed responses to SRBC have been observed after Plasmodium yoelli (2) or Trypanosoma brucei (10) However, analysis of the mechanisms of this suppression argues in favor of an abnormal differentiation of the bone marrow precursor stem cells rather than the previously described mechanisms.
Infected BALB/c mice exhibit an initial hyperreactivity (about 1 month after infection) followed by depressed responsiveness. Resistant mice also show an increased immunological reactivity but then a return to normal status. This unresponsiveness in susceptible mice cannot be due to immunosuppressive substances produced by L. tropica, in contrast to some other parasitic infections in which such substances have been described (i.e., Trypanosoma cruzi [8] and T. brucei [25] ). In fact, there was no depression in the magnitude of the in vitro response of normal spleen cells to SRBC in the presence of a large number of L. tropica parasites (Fig. 2) (11) showed that BALB/c macrophages, unlike those of resistant strains, exhibited a defect in expression of H-2 antigen when infected with L. tropica in vitro. This may be important in the control of the infection but does not seem to play a major role in the response to SRBC. The defect in the in vitro response to SRBC, therefore, must reside in the nonadherent population, since these cells were incapable of responding when cocultured with normal macrophages. Both Tand B-cell populations seemed to be affected by the infection, as judged by the results of experiments performed with enriched T-and B-cell populations. In contrast to the observation of Arredondo and Pdrez (1) , who, in the in vitro response to mitogens, indicated the presence of suppressive cells in L. mexicana-infected BALB/c mice (an infection which very closely resembles that of L. tropica), our results indicate that the lack of in vitro response to SRBC was not mediated by suppressor cells. This is apparent from experiments with cocultures with various ratios of spleen cells from infected animals to those of normal ones. The response of normal spleen cells could not be suppressed by the addition of up to 25% of cells from infected mice. When the ratio of two cell populations reached 1:1, a slight decrease in observed PFC was seen, as compared to theoretically expected numbers (Fig. 4) 
